Abstract. The mechanical behaviour of single lap adhesive joints was characterized, using two commercial acrylic adhesives. For this purpose the surfaces were cleaned and abraded using fine grit abrasives. The effect of temperature and moisture in the mechanical strength was, also, evaluated. For this characterization, mechanical tests were carried out according procedure and geometry foreseen by ASTM D3163-01 [1] and ASTM D4501-01 [2] standards. The results show that it is possible to get good strengths without great surface preparation. The temperature and moisture effect observed don't seem to be relevant for the mechanical behaviour.
Introduction
As a general rule, the lower is the surface energy, the greater is the difficulty to develop an adhesive bonding with better mechanical strength and reliability. Typical surface energies of various materials are given in Table 1 . Due to low surface energy and chemical inertness of polyolefins, expensive surface treatments are generally performed to increase adhesive performance. Several techniques are employed to increase the surface adhesion of polymeric materials such as abrasion, flame treatment, corona discharge, plasma treatment (vacuum and atmospheric), UV irradiation and chemical methods [3] [4] [5] [6] [7] [8] [9] . In recent years the atmospheric pressure plasmas have been actively investigated [10, 11] . However, the effectiveness of these treatments tends to diminish with time, and the process becomes more expensive and less interesting for the industry.
Recently, acrylic adhesives, particularly adapted for joining this type of materials had been developed. These adhesives are two-part acrylic-based adhesives that can bond many low surface energy plastics, including many grades of polypropylene and polyethylene without special surface preparation. They can replace screws, rivets, plastic welding, and two-step processes which include chemical etchants, priming or surface treatments in many application.
Hence, in this study, we evaluated the shear strengths of two acrylic adhesives using the lap shear test method (ASTM D3163) and block shear test method (ASTM D4501). The substrates used were of polyethylene. We also studied the effect of abrasion. Some test specimens were manually abraded using 180 and 320 abrasive paper. An additional goal of this work was to examine the effect of temperature and moistness on mechanical strength of adhesive joints. Experimental Materials. The substrates were prepared from plates of polyethylene (PE500, Dehoplast), with a nominal thickness of 6 mm. We selected polyethylene because it is a less expensive LSE (low surface energy) material, such as polypropylene, and tends to be harder or more expensive to bond than engineering grade plastics. Until now, polyolefins could only be adhesively bonded after surface treatments because of their low surface energy. The surface energy of polyethylene were determined by using a video-based optical contact angle measurement device OCA 15 plus, provided with an electronic syringe unit. The substrates subjected to wetting studies were not abraded. Static contact angles were measured at 25ºC by sessile drop method, on droplets of 4 µL for ultra pure water and 1 µL for diiodomethane deposited on the surface. The polar and dispersive contributions to the surface energy were calculated according to Owens and Wendt [13] .
Calculation We selected two structural acrylic adhesives that can bond many low surface energy plastics without special surface preparation: 3M DP-8005 and loctite 3030. These adhesives are two-part acrylic-based adhesives (10:1 ratio by volume) and can also bond many plastics to dissimilar materials such as metal and glass. These commercial structural adhesives are thixotropic and cure rapidly at room temperature. Surface Preparation. In this work we used two types of surface preparation: not abraded and abraded bonding surfaces. In the first case, the bonding surfaces were only cleaned with isopropanol using a dry paper. In the other case, bonding surfaces were also cleaned with isopropanol and then manually abraded with a 180 or 320 grit papers until no evidence of surface gloss was visible. After this, the surfaces were cleaned again with isopropanol, and allowed to dry before the application of the adhesives. This type of cleaning is not ideal but is suited for cleaning processes in industrial applications. Test Methods. The shear strength of joints was determined by Lap Shear Test method ASTM D3163 and Block Shear Test method ASTM D4501, except for the specimen dimension, as reported in Figs. 1-2. The samples were cut from a polyethylene plate with a nominal thickness of 6 mm. Cutting was done using a guillotine and then the edges milled to the sample size of 114×25 mm 2 for lap shear tests and 25×25 mm 2 for block shear tests. This was carried out without the use of cutting fluid.
The bonded area of adhesion was nominally 25×12.5 mm 2 and pressure was applied to the lap joint during the curing cycle by one spring clamp. The samples were made using a previously manufactured tool, designed to accept the samples and ensure that the 12.5 mm overlapping bond length was consistent. This allowed the standardized joint preparation technique to be repeatedly used. We bond tabs at the ends of single-lap joints to improve alignment, as shown in Fig. 1 . The bonded specimens were left at ambient conditions for one week prior to testing.
The shear strength for each adhesive/substrate was determined on an Instron 4208 mechanical properties tester, equipped with a 5 kN or 100 kN load cell. For block shear test method the two blocks were bonded together and the force required to shear them apart was measured using a special fixture. Prior to each test, the bond line thickness of each specimen was measured and recorded. Adhesives contain glass microspheres for bond line thickness control. All specimens were tested at a crosshead speed of 1.3 mm/min. The shear strength was calculated as the measured peak load divided by the bonded area. The reported test values are the average of five measurements. Failure modes have been determined by visual inspection.
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Advanced Materials Forum IV Temperature and Moisture. The shear strength of adhesives joints were obtained after a previous exposition to 50ºC and 80% of temperature and moisture, respectively. Several joints were exposed during 500 hours and others during 1000 hours. The results of these tests are shown in Figs. 5 e 6.
Results and Discussion
As shown in Figs. 3-4 , the abrasion of surfaces gives the worse results, independently of the adhesive and test method. For loctite 3030 adhesive and block shear testing, e.g., the maximum mean value of shear strength was 18.52 MPa (surfaces not abraded) and the lowest mean value was 10.85 MPa (surfaces abraded with 180 abrasive paper). The surface roughening, in this case, degrades the bond strength because do not normally change the surface energy, but the many grooves and valleys that it creates on substrate surface will not fill with adhesive before cure due to lack of wetting and air remains entrapped between the substrate and the adhesive. This reduces the effective bond area and creates stress risers at the interface [14] .
Considering the same conditions, bond strength obtained by the lap shear test method is much lower than the one obtained by the block shear test method. For example, not abraded joints bond with loctite 3030 adhesive had bond strength of 6.14 MPa and 18.52 MPa with lap shear and block shear test methods, respectively. Materials Science Forum Vols. 587-588 579
The lower strength obtained with lap shear method is due to the fact that the plastics have much lower Young modulus (E) than metals, and they suffer considerably bending during testing (as reported on Fig. 5 ), which introduces peel and cleavage efforts on the joint. On block shear method these efforts are minimized [14, 15] .
On lap shear test method the 3M DP-8005 adhesive gives higher bond strength than loctite 3030 adhesive. But, on block shear strength method the loctite 3030 gives the highest shear strength. This may indicate that loctite 3030 adhesive supports greater shear stress than 3M DP-8005 adhesive. However, it seems to be more sensitive to peel and cleavage efforts. Figures 6-7 show the effect of temperature (50ºC) and moisture (80%) on shear strength. The bond strength achieved by 3M DP-8005 practically was not altered by the referred conditions. On the other hand, the bond strength achieved by loctite 3030 seems to suffer a reduction, as can be clearly seen by the block shear tests results (Fig. 7) . Nevertheless, this result gives the highest data dispersion, which indicates the necessity for more tests. All the others results presented in this work do not show a significant dispersion. 
Conclusions
• These specially formulated 2-part structural adhesives can bond polyethylene and others low surface energy plastics without special surface preparation, and high shear strength.
• Surface roughening caused a large, statistically significant, decrease in the bond strengths achieved by 3M DP-8005 and Loctite 3030.
• The block shear strength method ASTM D4501 is more suited to determine adhesive shear strengths of plastics with low modulus, than lap shear strength methods such ASTM D3163 or ASTM D1002.
• Considering the temperature and moisture conditions used, the bond strengths achieved by 3M DP-8005 didn't suffer statistically significant variation. 
